INTRODUCTION
============

These days when the words 'the times of 100 years of age' are familiar, everyone should check his usual lifestyle to see whether he is ready to greet a healthy old age. Health is the most important part of old age in the age of healthy longevity. Health is the most important part of old age. Participant in regular exercise and physical activity has been steadily increasing with a view to enhancing satisfaction in complex tasks at work places and routine ([@b20-jer-13-6-653]). The benefits that can be obtained through regular exercise and physical activities can be said to be innumerable. Regular exercise and physical activities are said to well treat the stress coming from limited life, provide mental and physical health and pleasure, strengthen the heart muscles, increase blood flows to the heart, reduce blood fats, maintain normal blood pressure and body weight, and increase the quantity of high-density lipoprotein cholesterol (HDL-C), while reducing the quantity of low-density lipoprotein cholesterol (LDL-C) ([@b21-jer-13-6-653]). In addition, exercise is known to lower blood glucose and bring about useful changes in cardiovascular disease risk factors such as obesity and hypertension leading to further increases in interest in exercise and physical activities ([@b15-jer-13-6-653]).

The American College of Sports Medicine (ACSM) and the American Heart Association reported that physical activities recommended to all healthy adults aged 18--65 years are moderate intensity aerobic physical activities with heart rates in a range of 50%--60% of the maximum heart rate for at least 40--60 min/day for at least 5 days/week or high intensity physical activities such as resistance exercise and jogging for at least 20 min/day for at least 3 days/week and that the recommendations can be met only when moderate intensity exercise and high intensity exercise are performed in combination ([@b2-jer-13-6-653]). In recent years, along with such guidelines, the effects of high intensity and vigorous exercises as well as those of moderate intensity exercise have been identified and recommended in many cases. [@b4-jer-13-6-653] reported a change in exercise intensity of 60%--80% during 20 weeks of aerobic exercise. They reported a significant reduction in LDL-C in men at 72% exercise intensity, suggesting that the reduction in LDL-C affects food and high-intensity exercise. In addition, studies of LDL-C according to exercise intensity reported no significant reduction in exercise intensity below 45% ([@b13-jer-13-6-653]), and it was reported that high-intensity exercise and continuous exercise lowered LDL-C ([@b7-jer-13-6-653]). In a study conducted [@b18-jer-13-6-653], the researchers reported that the ratio of those that showed hyperlipidemia was 8.8% among those that were performing vigorous physical activities while being 12.2% among those that were not performing vigorous exercise and that the ratio of LDL-C/HDL-C was significantly lower in the group of those that were performing vigorous exercise.

Impaired glucose tolerance is a stage prior to diabetes, when insulin resistance characteristically appears due to obesity and physical inactivity ([@b31-jer-13-6-653]). The clinical significance of impaired glucose tolerance is that although diabetes has not yet occurred, the risk of cardiovascular disease is higher compared to normal glucose tolerance due to insulin resistance ([@b26-jer-13-6-653]). Regular exercise is an effective way to prevent the impaired glucose tolerance as such from progressing into diabetes. The risk of diabetes is reduced by 30%--40% with participation in exercise once per week, and participation in exercise one time may improve insulin sensitivity and blood glucose for 24--72 hr ([@b9-jer-13-6-653]). According to previous studies on the improvement of blood glucose in middle-aged women through exercise, among different exercise programs, interval exercise showed significantly more improvements than continuous aerobic exercise 2--3 hr after completion of exercise.

Although previous studies examined exercise and biological variables as mentioned above, most of studies on the effects of exercise examined the effects of moderate intensity exercise and few studies analyzed the effects of high intensity and strenuous activities. Therefore, the present study aims to examine the effects of the frequency of participation in vigorous activities on blood lipids and blood glucose in the subjects of health examination survey in Ulsan University Hospital that various variables would change differently depending on how often the subjects participated in vigorous physical activities.

MATERIALS AND METHODS
=====================

Design and subjects
-------------------

The present study was conducted with 56,810 workers out of those that underwent health examination survey at Ulsan University Hospital located in Ulsan Metropolitan City between February and November 2016. From among the subjects, those who did not have any past disease history, current disease, or history of medication were extracted and those that underwent the tests of those items that were to be studied. Whether the subjects were smoking or drinking was not considered. The number of subjects in the finally selected population was 11,557 and the subjects were classified according to strenuous physical activities among the health check-up interview items.

Of the 11,557 subjects in the population, 11,553 were production workers accounting for 99.9% of the population and of the production workers, 9,823 (85%) were production workers in the shipbuilding industry.

In the present study, those subjects that were participating in vigorous physical activities for at least 6 days per week into group 1, those that were participating in vigorous physical activities for 3--5 days into group 2, those that were participating in vigorous physical activities for 1--2 days into group 3, and those that were not participating in any vigorous physical activity into group 4. To control those subjects that responded to the questionnaire unfaithfully, other subjects who responded that they did not participate in vigorous physical activities, moderate activities, or mild activities were excluded from the analysis. Out of the selected subjects in the population, 70 were assigned to group 1, 2,960 to group 2, 7,389 to group 3, and 1,138 to group 4. The characteristics of subjects were summarized in [Table 1](#t1-jer-13-6-653){ref-type="table"}.

Questionnaire
-------------

Physical activities related questions in the common questionnaire for health examination survey used by Ulsan University Hospital were used. The contents of the questions were; "During the last one week, on how many days did you perform vigorous activities that make you be out of breath much more than ordinary days for at least 20 min per day? (e.g., running, aerobics, fast biking, mountain climbing, etc.)." Those that participated in vigorous physical activities for at least 6 days were assigned to group 1, those that participated in strenuous physical activities for 3--5 days to group 2, those that participated in strenuous physical activities for 1--2 days to group 3, and those that did not perform any strenuous physical activity to group 4.

Blood analysis method
---------------------

To analyze blood components, blood was collected from the forearm vein using disposable syringes after the subjects took a rest for 10--20 min. in comfortable positions after having the subjects eat with the same eating habits during ordinary days on the day before the collection and eat no food after dinner. Out of the blood collected from each subject, 5 mL was put into a plain tube and centrifuged once at 3,000 rpm for 10 min using a Combi 408 centrifugal separator (Hanil Science, Daejeon, Korea) to separate only the serum components. Cobas-c702 biochemical automatic analyzer (Roche Diagnostics, Indianapolis, IN, USA) was used for analysis of blood lipids, blood glucose and other components. The reagents used for the analysis of lipid, blood glucose and other components were reagents dedicated to Cobas C systems; TC reagent-Cholesterol Gen.2, TG reagent- Triglycerides, HDL-C Reagent HDL-Cholesterol Plus 3rd generation, LDL-C reagent LDL-Cholesterol Plus 2nd generation, and Glucose HK Gen.3 for blood glucose.

Statistical analysis
--------------------

The means and standard deviations by group were obtained to analyze the effects of the participation in strenuous activities at different degrees on lipids, blood glucose, blood pressure, and pulmonary functions. One-way analysis of variance (ANOVA) were conducted using the four groups with different degrees of participation in strenuous activities as independent variables. Since statistical significance appeared, the least significant difference tests were conducted as *post hoc* tests. The statistical significance level (α) was set to 0.05.

RESULTS
=======

In the present study, lipids mean total cholesterol (TC), HDL-C, LDL-C, and triglyceride (TG) and these lipids in blood collected after fasting for at least 9 hr were analyzed. The TC concentrations were shown to be 194.30±33.39 mg/dL in group 1 (vigorous physical activities for at least 6 days), 193.66±32.11 mg/dL in group 2 (vigorous physical activities for 3--5 days), 193.82±32.20 mg/dL in group 3 (vigorous physical activities for 1--2 days), and 195.16±32.50 mg/dL in group 4 (no physical activity). These results of the one-way ANOVAs were not statistically significant. The TG concentrations were shown to be 106.21±54.33 mg/dL in group 1, 127.84±87.39 mg/dL in group 2, 135.67±96.21 mg/dL in group 3, and 138.13±99.89 mg/dL in group 4. These results of the one-way ANOVAs were statistically significant (*F*= 7.716, *P*\<0.01), and according to the results of *post hoc* tests, the concentrations in groups 1 and 2 were significantly lower than those in groups 3 and 4. The HDL-C concentrations were shown to be 58.07±16.25 mg/dL in group 1, 54.95±14.12 mg/dL in group 2, 53.96±14.10 mg/dL in group 3, and 53.28±14.06 mg/dL in group 4. These results of the one-way ANOVAs were statistically significant (*F*=6.867, *P*\<0.01), and according to the results of *post hoc* tests, the concentrations in groups 1 and 2 were significantly higher than those in groups 3 and 4. The LDL-C concentrations were shown to be 114.98±29.47 mg/dL in group 1, 113.14±30.41 mg/dL in group 2, 112.72±30.84 mg/dL in group 3, and 114.25±30.75 mg/dL in group 4. These results of the one-way ANOVAs were not statistically significant.

The blood glucose measured in the present study was fasting blood glucose, which should be measured after fasting for at least 8 hr in principle. In the case of blood glucose, 94.87±11.20 mg/dL in group 1, 96.03±14.27 mg/dL in group 2, group 3 was 95.65±13.99 mg/dL, and the 4 group was 95.58±13.35 mg/dL. The results of one-way ANOVA were not statistically significant. The results of this study were summarized in [Table 2](#t2-jer-13-6-653){ref-type="table"}.

DISCUSSION
==========

The present study analyzed the effects of participation in vigorous physical activities on blood lipids and blood glucose with data from health examination survey for workers. Therefore, the results of analyses of those variables that were observed through the study are mainly discussed.

Among changes resulting from human body's physiological responses and adaptation to physical activities, those in TC and TG are closely related to arteriosclerosis and coronary artery diseases ([@b22-jer-13-6-653]). TC is affected by various factors of exercise such as the intensities of aerobic exercise and resistance exercise, durations of exercise, and the frequency of exercise ([@b23-jer-13-6-653]). The results of the present study showed no significant difference between the groups. The results as such are consistent with the results of previous studies conducted by [@b28-jer-13-6-653] and [@b30-jer-13-6-653] in which middle-aged men performed jogging for 12 weeks indicating that no clear change occurred in TC as well as the results of a study indicating that TC is not easily reduced by training and that even complex exercises including regular aerobic exercise do not significantly improve body composition or blood lipids ([@b11-jer-13-6-653]). Although a complex exercise program consisting of aerobic exercise and resistance exercise was implemented for 12 weeks with obese women, TC levels did not change.

A previous study, indicated that long-term training is necessary to improve TC but whether the subjects in the present study performed physical activities for long periods of time because the questionnaire used in the present had questions about physical activities for the last one week. A study conducted by [@b29-jer-13-6-653] reported that TC values showed some weak correlations with age, blood pressure, and the degree of obesity, and blood glucose but did not show any significant correlation with alcohol consumption, smoking amounts, eating habits, or exercise habits.

TG is mainly stored in the liver and the subcutaneous fat and formed in the adipose tissues and the liver. The TG stored in the adipose tissue is rapidly involved in energy metabolism when sugar is insufficient as an energy source during exercise. [@b13-jer-13-6-653] reported that TG decreased when men aged in a range of 35--49 years ran 62.7 km per week on average and [@b17-jer-13-6-653] reported that TG significantly decreased in middle-aged women after they jogged for 8 weeks at a 70% of VO~2~ intensity. TG significantly decreased after regular and continuous exercise.

HDL-C is known to be a preventative factor for coronary heart diseases as it binds them to LDL receptors in the arterial wall cell membranes to inhibiting the entry of LDL into cells ([@b14-jer-13-6-653]). The increase in HDL-C is attributed to the activation of lipoprotein hydrolytic enzymes in the plasma, which leads to the conversion of the components of chylomicrons and low-density lipoprotein into HDL-C and the suppression of hepatic TGs activity resulting in low catabolism of HDL-C. In a study on treadmill exercise conducted with 753 middle-aged men for 1 year and 7 months, [@b6-jer-13-6-653] reported that HDL-C significantly increased along with increases in treadmill exercise time. [@b8-jer-13-6-653] reported that when middle-aged women performed exercise at intensities of 70%--85% maximum heart rate three times in a week, HDL-C significantly increased, consistently with the results of the present study.

LDL-C accounts for about 70% of TC and is known as an important risk factor for cardiovascular diseases because its increase leads to increases in the incidence of cardiovascular diseases. The results of the present study did not show any significant difference in LDL-C between the groups. [@b32-jer-13-6-653] reported that the value of LDL-C did not change after resistance exercise for 20 and 14 weeks, respectively. [@b16-jer-13-6-653] also reported that aerobic exercise and resistance exercise did not significantly reduced LDL-C and also reported that there was no change in LDL-C thereby supporting the results of the present study.

Studies that observed the effects of exercise therapy to improve the conditions of disorders of lipid metabolism reported that although TC and TG decreased, the decreases were not statistically significant ([@b19-jer-13-6-653]) or reported that TC significantly decreased. Given the results of a previous study indicating that dietary restrictions have more positive effects on TC, TG, LDL-C, HDL-C than exercise therapy and the results of another previous study indicating that blood cholesterol concentrations of women are greatly affected by age, body weight, physical activities, nutrition, and hormones, and exercise and diet therapy should be implemented simultaneously and more diverse studies are necessary.

Regular physical activities prevent diabetes and cardiovascular disease, improve the condition of insulin resistance, and improve blood glucose control ability ([@b5-jer-13-6-653]). World Health Organization recommends moderate intensity exercise for at least 30 min to prevent diabetes mellitus. When a person without diabetes performs moderate-intensity aerobic exercise, the increase in the peripheral glucose uptake is balanced with the glucose production in the liver so that the blood glucose is not changed in general. High-intensity short-term exercise can lead to the elevation of blood catecholamines and increases in glucose production resulting in high blood glucose, which can last for 1--2 hr ([@b24-jer-13-6-653]). Complex exercise that comprises both aerobic exercise and resistance exercise may be more effective than single exercise in controlling blood glucose. Increases in the muscle mass thanks to resistance exercise may increase glucose uptake and aerobic exercise may improve insulin action leading to increases in glucose uptake ([@b10-jer-13-6-653]; [@b27-jer-13-6-653]). [@b12-jer-13-6-653] reported that moderate intensity and high intensity aerobic exercises were effective in improving the condition of insulin resistance in patients with type 2 diabetes and the elderly. American Diabetes Association (ADH) actually recommends moderate intensity and high intensity exercises in its physical activity guidelines for diabetes prevention and therapeutic methods ([@b3-jer-13-6-653]). However, in the present study, blood glucose was shown to be 94.87±11.20 mg/dL in group 1, 96.03±14.27 mg/dL in group 2, 95.65±13.99 mg/dL in group 3, and 95.58±13.35 mg/dL in group 4. Post-test results were not statistically significant. [@b25-jer-13-6-653] reported that statistically or numerically negative results were shown in all of body mass index, blood pressure, blood glucose, and TC after drinking and smoking regardless of exercise. [@b1-jer-13-6-653] reported that when regular exercise was performed for 10 weeks, the TC, LDL-C, and blood glucose decreased a little but the decreases were not statistically significant. These results are consistent with the results of this study.

Based on the results of the present study, the following conclusions could be obtained. First, participation in vigorous physical activities for at least three days positively affected HDL-C and TG. Second, participation in vigorous physical activities did not affect blood glucose.
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###### 

Characteristic of subjects

  Characteristic   Group 1        Group 2        Group 3        Group 4        *F*                                                     *Post hoc*
  ---------------- -------------- -------------- -------------- -------------- ------------------------------------------------------- ---------------------
  Age (yr)         44.47± 12.93   42.97± 11.01   42.30± 10.72   43.10± 10.06   17.881[\*\*](#tfn3-jer-13-6-653){ref-type="table-fn"}   Group 3\< 4\< 1,2
  Height (cm)      169.23± 6.81   171.88± 6.18   172.14± 6.17   171.40± 6.71   9.633[\*\*](#tfn3-jer-13-6-653){ref-type="table-fn"}    Group 1\< 4\< 2\< 3
  Weight (kg)      67.82± 9.94    71.18± 9.84    71.47± 10.36   70.03± 10.63   9.142[\*\*](#tfn3-jer-13-6-653){ref-type="table-fn"}    Group 1,4\< 2,3
  BMI (kg/m^2^)    23.59± 2.54    24.03± 2.63    24.06± 2.78    23.76± 2.83    4.034[\*\*](#tfn3-jer-13-6-653){ref-type="table-fn"}    Group 1,4\< 2,3

Values are presented as mean± standard deviation.

Group 1, vigorous physical activities for at least 6 days; group 2, vigorous physical activities for 3--5 days; group 3, vigorous physical activities for 1--2 days; group 4, no physical activity; BMI, body mass index.

*P*\< 0.01.

###### 

Analysis of variance results for blood lipid and blood glucose

  Variable          Group 1         Group 2         Group 3         Group 4         *F*                                                    *Post hoc*
  ----------------- --------------- --------------- --------------- --------------- ------------------------------------------------------ -----------------
  TC (mg/dL)        194.30± 33.39   193.66± 32.11   193.82± 32.20   195.16± 32.50   0.657                                                  \-
  TG (mg/dL)        106.21± 54.33   127.84± 87.39   135.67± 96.21   138.13± 99.89   7.716[\*\*](#tfn6-jer-13-6-653){ref-type="table-fn"}   Group 1,2\< 3,4
  HDL-C (mg/dL)     58.07± 16.25    54.95± 14.12    53.96± 14.10    53.28± 14.06    6.867[\*\*](#tfn6-jer-13-6-653){ref-type="table-fn"}   Group 1,2\> 3,4
  LDL-C (mg/dL)     114.98± 29.47   113.14± 30.41   112.72± 30.84   114.25± 30.75   0.948                                                  \-
  Glucose (mg/dL)   94.87± 11.20    96.03± 14.27    95.65± 13.99    95.58± 13.35    0.668                                                  \-

Values are presented as mean± standard deviation.

Group 1, vigorous physical activities for at least 6 days; group 2, vigorous physical activities for 3--5 days; group 3, vigorous physical activities for 1--2 days; group 4, no physical activity; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.

*P*\< 0.01.
